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Q units (4) are attached directly or indirectly to the bottom of the water basin at intermediate water region (B). The production units (4) 
are totally submerged under water surface. The transfer equipment of the energy of the production units (4) or of the intermediate 
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The invention relates to a production installation as defined in the preamble of 
claim 1 for utilising wave energy. 

5 When the wind is blowing in the same direction over a long period of time, waves 
are formed. In deep water, waves generated under the effect of the wind have a 
given predominating, i.e. average wavelength L and a height, which both depend 
on the wind force and on the period over which the wind is blowing. As a wave is 
proceeding towards shallower water, its wavelength shortens and the wave height 

10 increases due to the effect of the water bottom on the waves. As the wave has 
reached a sufficient height in the specific water depth which depends on the 
wavelength, the wave will break. This depth at which a wave breaks is called 
"breaker line" in literature. It should be noted that the wave breaking line is not 
constant, but depends to some extent on the wavelength and height which, in tum, 

15 depend on wind conditions. The breaker line is usually between 1/4 to 1/5 of the 
prevailing wavelength L. The wave breaking line remains mainly the same at a 
specific location on the sea coast, because the prevailing wind conditions mostly 
remain basically constant. 

Figure 3 illustrates tlie effect of a wave oh the water mass in a water basin, such as 
20 the sea near the coast. The wave action depth Z depends on its wavelength so that 
a wave having a wavelength L still acts at a depth L/2. In the area C in figure 3, 
i.e. in deep water, the orbit of each point of the water mass is circular. The ratio of 
the water depth H to the wavelength L of the waves is great, i.e. the ratio H/L is in 
the range 1/2-00. As the wave proceeds towards shallower water, its height 
25 increases and the wavelength decreases, so that the ratio of the water depth to the 
waveienglh decreases. In intermediate water, in area B of figure 3, the water depth 
H is about 1/2 to 1/20 of the prevailing wavelength L. The water mass has a 
circular movement in surface water, however, while proceeding towards the 
bottom of the water basin, the trajectory of each point in the water mass becomes 
30 first elliptic, and proceeding further in depth, the elliptic shape of the point 
trajectory increases, and eventually, near the bottom of the water basin, each point 
in the water mass has a trajectory following roughly a back-and-forth movement 
around a given centre. In shallow water, i.e. in coastal area A in figure 3, the ratio 
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of the water depth H to the prevailing wavelength L is between 0 to 1/20, in 
conditions where said breaker Une is at a water depth of 1/4 to 1/5. In shallow 
water, the wave action goes all the way to the bottom, while the water mass has an 
elliptic movement 

5 Various systems and power plants have been developed for recovery of the kinetic 
energy of waves. Usually they are based on bodies floating on the water surface 
and moved by the waves. The kinetic energy of bodies floating on the surface is 
recovered, in one way or the other, into generators or torsion pumps located either 
on or under the water surface, from where energy can be further transferred to the 
10 objects of application. 

The main problem caused by known systems for recovery of wave energy of the 
type described above relates to their location; in rough sea, structures on the 
surface are constantly exposed to damage. Due to the risk of damage, power plants 
utilizing wave energy built so far have relatively low power. 

15 There are also known systems for recovery of the kinetic energy from the waves, 
which are anchored to the bottom of a water basin, such as a lake or the sea. One 
such system is represented by the device disclosed by PCT Patent Application 
98/17911, which device is attached to the bottom of the water basin aiid where 
wave energy is recovered from a plate, which is attached to the water bottom and 

20 oscillated by the waves. The plate reaches partly the water surface. The device is 
mounted in the area between the wave breaking line and shallow water, on the 
bottom of the water basin. The problem with this device is its position at the wave 
breaker line, where the wave movement and hence the energy available is random 
whereby the device is inappropriate for continuous energy generation. The plate is 

25 partly above the surface level, so that the device is exposed to damage in rough 
sea. US patent specification 4,001,597 also describes a system for recovery of 
wave energy, whose pumping unit is anchored to the sea bottom. The pumping 
unit is located in shallow water region and the pressure plate reaches the surface or 
remains slightly under it. This system also involves the problem of the position of 

30 the pressure plate: even though the plate might be under the water surface under 
calm conditions, it will be at least partly on the surface in rough sea, and the 
system is consequently exposed to damage. The position of the system also causes 
a second problem: tiie movement of the waves in shallow water is too irregular to 
achieve steady energy generation. 



wo 2004/097212 



3 



PCT/F12004/000240 



The invention is intended to eliminate the prior art disadvantages. 

Thus, the first chief objective of the invention is to provide a production 
installation for recovering kinetic energy bound in waves with high efficiency and 
as evenly as possible, regardless of wind conditions. This means that the device is 
5 built in such a way that it aims at optimally minimizing the wave energy variations 
caused by prevailing weather conditions above water surface. 

The second chief objective of the invention is to provide a production installation 
for recovering kinetic energy of waves which is minimally exposed to damage 
caused by weather conditions. 

Id The third chief objective of the invention is to build a production installation for 
recovering kinetic energy of waves which has a structure that allows expansion by 
adding single units into it and repair of the installation is made simple by replacing 
single units in it. 

The invention is based on the surprising observation that under thie surface, close 
15 to the bottom, in intermediate water depth, the waves have nearly equal, and in 
some cases even greater energy than the water surface waves. This energy mainly 
occurs as kinetic energy, The invention utilises this kinetic energy. 

As shown in figure 3, a given point in the water mass in shallow water has an 
elliptic or circular movement, in other words, it has both potential and kinetic 

20 energy. Many present day wave power plants are devised to operate in the area 
mentioned above, between the wave breaking line and shallow water A, because 
the waves have maximum potential energy in this area owing to their height, and 
most systems aim at utilising this potential energy in one way or another. 
However, utilising waye energy in shallow water is notably difficult, especially 

25 considering that structures in shallow water are necessarily very close to the 
surface, where they are readily exposed to rough weather conditions. Moreover, 
the water mass movement in shallow water is more or less rotating (elliptic), as 
shown in figure 3 and there are always crossing waves to some extent, which 
makes the energy generation irregular. 

30 By contrast, the invention is based on the feature of the water mass movement 
being adapted to actuate production installation units or tlieir parts attached to the 
bottom of the water basin in area B, i.e. in the intermediate water region in figure 
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3- The production installation is totally submerged, preferably at such a depth 
where the water mass movement is primarily reciprocating or has a regularly 
elliptic shape. 

The invention relates to a production installation as defined in claim 1 for utilising 
5 wave energy in which arrangement there are two or more production units and the 
water mass of the water basin is adapted to actuate a part of a production unit 
attached to the water basin bottom or close to it, and the production units aim at 
transforming the kinetic energy of the water mass into some other form of energy 
such as electricity and/or Idnetic energy and/or jpressure of the intermediate 
10 substance. The production units are attached directly or indirectly to the bottom of 
the water basin in interaiediate water region (B), the production units are totally 
subnierged below water surface and the transferring equipment of energy or of the 
intermediate substance have been connected in parallel or series arrangement in 
relation to each other. 

15 This iype of production installation achieves a number of major advantages: 

- In the intermediate water region, the movement of a given point iii the water 
mass is substantially reciprocating near the water bottom, the water mass having 
then mainly but kinetic energy. Thus the water mass energy remains constant, 
unlike in known wave power plants which are located in shallow water. The water 

20 mass has regular movement relative to a given centre, allowing a production 
installation anchored to the water bottom to generate energy more regularly than 
does a device located partly or entirely above the water surface. 

- The production installation conforming to the invention used for energy 
generation in the intermediate water diepth region is hot readily damaged, because 

25 it is not exposed to Weather conditions prevailirig on the water surface, nor to the 
rotating movement of the water mass, as are energy generation systems in shallow 
water described above. 

- At intermediate depth, the water mass actuated by waves at ttie bottom of the 
water basin frequently has almost equal kinetic energy, and sometimes even higher 

30 energy than the water mass actuated by waves in shallow water. This is due to the 
fact that there are always some cross- waves in shallow water waves caused by 
obstacles at the water bottom. In this situation, a production installation located 
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entirely under the water surface on the bottom of a water basin at intermediate 
depth, recovers almost the same amount of energy from the waves as does a wave 
power plant operating in shallow water partly above the water. For the reasons 
given above, a wave power plant operating imder water can be constructed in 
5 larger size and with higher efficiency than a wave power plant operating above 
water. 

In one preferable application of the invention the units of the wave power plant are 
attached to the bottom of the water basin so that they are totally submerged at a 
depth where the movement of the water mass is substantially reciprocating or 
10 elliptic. Even more preferably, the units are located at a depth where the 
movement of the water mass is substantially reciprocating and the energy of the 
water mass remains substantially constant. Benefits of the disposition of the power 
plant have been highlighted earlier in the tiext. 

In another preferred application of the invention all the transferring equipment 
15 (piping or wiring) of energy or intermediate substance used in the power plant 
have been permanently attached to the base and the base has ready locking device 
for the production units which are to be connected to them. This brings along the 
benefit that the wave energy plant can easily be expanded and furthermore, 
damaged units can be easily repla:ced. 

20 In this context we wish to point out that the definition "production unit attached to 
the bottom of a water basin" refers both to a direct method of attaching the unit to 
the bottom with the aid of e.g. fastening brackets as well as indirect attaching of 
the unit to the bottom with the aid of e.g. a separate base, which in turn is 
anchored to the bottom. A vvater basin is a lake, the sea or similar. 

25 With the help of the Wave energy plant conforming to the invention it is possible 
to transform the kinetic energy of the water mass directly to electricity, or it can be 
utilised for the transferring of the intermediate substance like fresh water or sea 
water into an appUcation situated on the sur&ce. 

The invention is described in greater detail below with reference to the 
30 accompanying drawings. 
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Figure lA shows a perspective picture of one embodiment of a production 
installation unit conforaiing to the invention which utilises the wave plate with an 
attached torsion pump with two chamber pipes for the transformation of energy. 

Figure IB shows a cross section of the torsion pump in figure 1 A. 

5 Figure IC shows a perspective picture of another application of a production 
installation unit conforming to the invention which utilises the wave plate with an 
attached torsion pump with one chamber pipe for the transformation of energy. 

Figure ID shows a vertical section of the torsion pump in figure IC fi-om the point 
of liquid inlet from direction ID. 

10 Figure IE shows a cross section of the torsion pump in figure 1 C from the point of 
the bracket from direction IE. 

Figures 2A and 2B present some other alternative arrangements of production 
installation units conforming to the invention; these are also shown from the side 
view. Figure 2A represents a vertical axis rotor installed on sea bottom. Figure 2B 
15 shows correspondingly a horizontal axis rotor model. 

Figure 3 illustrates the effect of waves in a water basin. 

Figure 4 represents a power plant which is suited for recovering wave energy. 

The main parts of the unit 4 in figure lA are the so-called wave plate 2 pivotally 
attached to a base 5 situated at the bottom, and the so-called torsion pump 6 
20 connected to the bottom part of the plate. The torsion pump 6 has two pipes, i.e. it 
has two similar chamber pipes 61 whose action is based on a winding shaft 64 
passing through the chamber pipes while the firamie 61a of the chamber pipe 61 
stays immobile. 

Figure IB shows a cross section of the torsion pump 6 of figure 1 A clarifying the 
25 operating principle and stmcture of the pump. 

In figure 2A is shown a production installation which is a vertical axis rotor 3; 3' 
installed in a vertical position on the sea bottom, with a central axis (revolving 
axis) 22c which has several projecting rotor wings 2. Each rotor wing 2 has an arm 
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22, which has a winding two-part blade 22b at the outmost end as seen from the 
vertical axis. 

Figure 2B correspondingly shows a production installation which is a horizontal 
axis rotor 3; 3" installed on sea bottom. The horizontal rotating axis is attached 
5 with its end flanges with a hinged joint to the base 5 installed on sea bottom. 
Around the horizontal rotating axis of the rotor there are spiral winding wings 2, 
which are attached to the end flanges 21. 

In figure 4 is shown a principal solution of a device 1 for the production of energy, 
liquid or gas comprising several production units. The units 4 are totally imniersed 
10 below water sur&ce in the intermediate water region and they are all attached to 
the common base 50. The units 4 have been connected in parallel or series 
arrangement in relation to each other. 

The production units and installations of energy arid/or intermediate substance 
illustrated in figures 1 A - IE and 2A - 2B as well as 4 will be described in further 
15 detail below. The disposition of the production units at the water bottom is 
illustrated in figure 3, which is referred to above in the general part of the 
invention explaining level of technology and the differences in relation to the 
invention. 

The production unit 4 shown in figure lA, which is used to convert wave energy 
20 into kinetic energy or pressure of water which is transferred further by means of 
main or transfer piping, has a box-like housing or base 5 attached at intermediate 
water depth to the bottom P of the water basin. The bottom P of the water basin is 
at a distance H fi-om the water surface. In the wind conditions prevailing in this 
coastal area, ihe waves have a wavelength the ratio of the water depth H to the 
25 prevailing wavelength is in the range of 1/2 to 1/20, i:e. in area B (intermediate 
water depth) in figure 3. The energy-generating parts of the production unit 4, i.e. 
the wave plate 2 and the torsion pump 6 cormected to it, are entirely mounted 
under the surface, at a depth h, where the movement of the water mass generated 
by the waves is still mainly reciprocating. The action depth of the waves is about 
30 half of their wavelengdi L. A plate-like body 2, so-called wave plate, is attached to 
the pivoting shaft 64 of the torsion pump in such a way that while the wave plate 
rotates around vertical plane T, also the shaft 64 rotates around the same vertical 
plane T exactly as much. Shaft 64 is attached with a hinged joint into the festening 
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ring 68 which is integrally mounted at the base 5. The plate-like body has a length 
of approximately 1/3 of the prevaiUng wavelength L. The torsion pump 6 which is 
situated at the bottom part of the body, rests on the box-like base (housing) 5 by 
means of the straight back plates of each chamber pipe 61 frame 61a which is 
5 otherwise cylindrical except flattened at the lower end. The back plate is generally 
integrated with the said base. The wave plate 2 is concave to inside. Between the 
lugs 2b and the horizontally placed top plate 2a of the wave plate 2 pockets are 
formed which form a flow obstacle to the water mass, whereby the water mass 
moves the wave plate 2 more effectively 

10 Figure IB illustrates with more detail the structure of the torsion pump 6 in figure 
1 A. As has been stated before, the frame (outer wall) 61a of each chamber pipe 61 
of the torsion pump has been immovably mounted on the box-like base 5. The 
wave plate 2 is &stened to a shaft 64, rotating in listening rings 68 (illustrated in 
figure 1) moimted on the box-like base 5. A plate-like baffle plate 65 is integrally 

15 connected with the shaft 64 and this plate runs inside the chamber pipe 81 of the 
torsion pump the total length of the chamber 63 marked off by the frame 61a and 
the box-like base 5 and is basically as long as the frame 61a of the pump. The 
plane running through the baffle plate is usually parallel with the wave plate. The 
bafiQe plate 65 divides the chamber 63 of the torsion pump defined by the frame 

20 61a, which is integrated with the base, and the base 5 into two generally equally 
big parts, i.e. into first chamber part 63* and into second chamber part 63". The 
baffle plate is equipped with a glide jointing 65a running the whole length, as well 
as at the ends thus preventing the liquid (or pressure) from moving from first 
chamber part into second chamber part from between the frame 61a and the baffle 

25 plate 65. There is a jointing 66 between the shaft 64 and the box-like housing 5 
attached to the base or bottom which aims at preventing the intermediate substance 
and pressure inside the chamber parts 63* and 63" from interflowing to each other 
as the shaft 64 and the baffle plate 65 attached to it rotate with the wave plate 2. in 
the liquid transfer piping 62; 62', '62" of both chamber pipes 61 of the torsion 

30 pump 6, both chamber parts have a joint outflow piping 62c, separate incoming 
piping 62a; 62a', 62a" and set of valves 62b; 62b', 62b" which regulate the transfer 
of liquid. The incoming piping 62a; 62a', 62a" has gridded inlets 62a3; 62a3', 
62a3", located on the side of the box-like base 5. The inlets 62a3 of one side of the 
torsion pump can be seen in figure lA. Further pmts of incoming liquid piping 

35 62a; 62a' and 62a; 62a" of the chamber parts 63' and 63" are the antechambers 
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62a2, 62a2', and 62a2; 6232" situated inside the box stnicture of the base 5 and the 
chamber openings 62al; 62ar, 62ar leading into the chambers 63; 63', 63" which 
are equipped with incoming valves 62b; 62b 62b 1" regulating the flow of 
incoming liquid (or gas). The liquid outflow chamber 62c; 62c2 runs inside the 
5 frame structure of the base 5 and it is common for both chamber pipes 61; 61*, 61". 
The outflow chamber 62c2 continues as the outflow pipe 62c3 which can also be 
seen in figure lA. There are outflow valves 62b; 62b2' and 62; 62b" between the 
outflow chamber 62c2 and the chamber parts 63* and 63" regulating the flow of 
liquid (gas) from corresponding chamber parts through the chamber part outlets 
10 62cl; 62cr and 62cl; 62cr. 

We will inspect the movement of the plate-like body 2 of the production unit 
illustrated in figures lA and IB actuated by water mass movement. As has been 
mentioned earlier, the movement of water mass in depth H-h where the production 
unit has been installed is mainly reciprocating. Thus the points in the water mass 

15 circulate around a given centre. As the wave plate rotates, due to the reciprocating 
movement of the water mass, around its hinged joint, i.e. the shaft 64, all of the 
points on the plate 2 will then rotate, under the reciprocating movement of the 
water mass, over a given angle a around the vertical plane T along the curved 
trajectory indicated by the double-ended arrow with a fiiU head. The plate 2 is 

20 attached roughly at its centre to the shaft 64 of the two-chamber torsion pump 
which is fitted with a tuming bearing whereby the hinged joint of the plate is the 
same as the hinged joint of the shaft. As the points on the wave plate 2 rotate 
under the reciprocating movement of the water mass around the hinged joint along 
a certain angle a from left to right around the vertical plane T and back to left, the 

25 shaft 64 of the torsion pump, in turn, moves at exactly the same pace in the 
chamber 63 located inside the immovable frame 61a, The baffle plate 65 attached 
to the shaft rotates in pace with the shaft 64 along a certain angle a around the 
vertical jplane T. As the baffle plate rotates along with the shaft, the volumetric 
capacity of chambers 63' and 63" changes whereby in the one chamber positive 

30 pressure is formed and negative pressure in the other. Liquid (e.g. water) or gas is 
transferred through the outlet valve 62b2' or 62b" of the pressurized chamber 
through the outlet opening 62cr or 62cr iiito the outlet chamber 62c2 and fiirther 
to the outlet pipe 62c3. At the same time, liquid or gas (water) is flowing into the 
underpressurized chamber through the inlet opening 62a3' or 62a3" via the inlet 

35 valves 62br or 62bl" of inlet piping 62a' or 62a". 
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Figures IC to IE illustrate a production unit 4 which is particularly suited for the 
generation of liquid or gas. The production unit 4 has a torsion pump equipped 
with one chamber pipe 61 which is attached to a similar wave plate 2 as the torsion 
pump in figure 1 A. The changes of volumetric capacity and pressure inside the 
5 chamber pipe 61 are in this embodiment, however, based on the rotating 
movement of the chamber pipe frame 61a, which is otherwise cylindrical but has a 
flat top part, along with the wave plate 2 while the shaft 64 stays immobile. The 
chamber pipe 61 of the torsion pump 6 is connected directly by its frame 61a to 
the lower part of wave plate 2 in accordance with figure IC. Through the chamber 

10 pipe runs the shaft 64 which, in turn, has an outlet pipe 62c3 running through it 
The shaft 64 is installed immobile into the fastening rings which are mounted into 
the base 5 so that the shaft 64 cannot turn. The inlet openings 62a3 of liquid are 
now placed on the straight back plate of the chamber plate frame 61a which is a 
semicircle when seen in cross section. The frame 61a is attached with the back 

1 5 plate into the lower end of wave plate 2. 

In the cross section figure ID of the torsion pump 6 taken from the viewpoint of 
the inlet opening 62a3, the inside organization of the torsion pump is better 
visible. Chamber 63 is again placed inside the chamber pipe 61 frame 61a, in the 
space confined by the inner walls of chamber pipe frame 61a. The baffle plate 65 

20 divides the chamber 63, situated between the torsion pump frame 61a and the base 
5, into two generally roughly equally big compartments, i.e. into first chamber part 
63V and into second chamber part 63". The baffle plate 65 is in this embodiment 
formed by a valve box attached to the inner wall of frame 61a which causes for the 
baffle plate 65 to rotate around the shaft 64 as the frame 61a rotates around shaft 

25 64. The plane which is parallel with the baffle plate is generally parallel with a 
plane parallel with the wave plate 2. There is again a glide jointing 65a between 
the baffle plate 65 and the curved part of the frame 61a, whose structure and 
fiinctioning is similar to that of a two-part torsion pump in figures 1 A - IB. The 
liquid transfer piping 62 of both chamber parts 63' and 63" of the torsion pump 6 

30 again have a joint outflow piping 62c, incoming piping 62a; 62a', 62a" and set of 
valves 62b; 62b', 62b" which regulate the transfer of liquid. Now the incoming 
piping have (liquid) inlet openings 62a3', 62a3" which lead to corresponding parts 
63' and 63" of chamber 63. The inlet openings are equipped with inlet valves 62b; 
62br and 62b; 62b 1" which regulate the flow of liquid (or gas) into chamber parts 

35 63' and 63". In figure IC are seen the inlet openings 62a3 of the other part 63" of 
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the chamber 63 of the torsion pump. The hquid is transferred into the outlet 
chamber 62c; 62c2 which runs inside the bafQe plate 65 attached to the shaft 64, 
and further to the outlet pipe 62c3 through the action of the outlet valves 62b2' and 
62b" situated at the mouth of openings 62cr and 62cr' in the bafQe plate. The 
5 valves regulate the flow of liquid (gas) leaving the chamber parts. 

Figure IE illustrates how the shaft 64 and the outlet pipe 62c3 running inside it, 
are fixedly mounted on the base 5 with a lug 68. The frame 61a of the chamber 
pipe 61 of the torsion pump 6, rotates around the shaft 64 while the wave plate, 
which is attached to the frame, turns. 

10 As the wave plate 2 rotates along a certain angle a around the vertical plane T 
mnning tiirough axis 2, the wall of the chamber pipe 61, which is attached to the 
wave plate, rotates equally much around the said vertical plane. The volumetric 
capacity of chamber parts 63* and 63" changes whereby in the one chamber part 
negative pressure is formed and positive pressure in the other. Liquid (or gas) 

15 flows from the pressurized chamber part through the outlet valve 62b2' or 62b" 
into the outlet chamber 62c2 situated inside the baffle plate and further to the 
outlet pipe 62c3: At the same time, in the other chamber part, negative pressure is 
formed due to the increase of volumetric capacity whereby water flows in through 
the inlet opening 62a3' or 62a3" through the action of inlet valves 62br or 62br. 

20 Water coming from the ouflet pipe 62c3 of the production installation 4 in figures 
lA - IE can be transferred into suitable applications. Preferably water can be 
transferred into a bigger transfer or main piping system which collects water from 
several production units and then transfers water from the main pipes to the point 
of application. The combining of several production units is later described with 

25 the help of figure 4. 

Water can be transferred from the outlet pipes or transfer or main pipes to different 
types of pools from where it can be further transferred to be used for watering, 
drinking or washing water or to, e.g. swimming pools. Water can also be used for 
the purpose of inducing currents in another closed water basin or at one part of an 
30 open water basin, e.g. in the cultivation of water creatures (a.o. common mussels, 
rainbow trout etc.), or of water plants (a.o. rice), in the keeping open of harbours 
whereby a water current is induced at the bottom of a water basin to keep the 
shipping routes open or to clean them. Other similar points of application are the 
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water glides by water pools, pumping of sewage water or recycling of polluted 
coastal water for cleaning. If the pumped water is first led to a pressure 
accumulator where even water pressure is created, it can be transferred from there 
pressurized into suitable applications, like applications of ornamental water 
5 torrents (water fountains, manmade streams and waterfells), and it can also be 
used in fire fighting systems. 

If instead of water, air is led from the surface to the torsion pump 6 used in the 
production unit in accordance with figure 1 A or IC by means of inlet pipes 62a3, 
pressurized gas or compressed air can be obtained from the pump. In order to 

10 produce pressurized air or other pressurized gas, gas is led to the chambers 63; 63' 
and 63; 63" by means of the inlet pipes, gas is then pressurized in said chambers 
due to the movement of the baffle plate, it is led through the outlet pipes 62c3 into 
the accumulator which levels but the pressure fluctuations of gas, and is then led 
to the point of application. Preferably gas is led into the accumulator from several 

15 production units coupled in series or parallel e.g. from the type of production units 
which are featured in the production installation in figure 4. 

The point of application for the gas can be e.g. fish/vegetable pool, waterway 
whose oxygen level is being improved through aeration and pneumatics generally 
used in industry. Compressed air can also be used in the pressurized impregnation 

20 of wood or other materials a.o. or it can be used for developing boost pressure in 
machines and power plants. One important use of pressurized air is in air 
conditioning and/or ventilation of apartments for instance by means of separate air 
conditioning machine units. If water circulation is connected to this unit, it can 
also be used for cooling and/or heating of the process or apartment. The system 

25 can also be used for separating gases from each other or for production of 
hydrogen. The system also applies itself for the separating of salt or other 
substances from fresh or salt water 

In figures 2A and 2B are shown some production units designed primarily for the 
production of energy which can be used for the recovering of wave energy instead 
30 of the so-called wave plate used in figure 1 A. 

In figure 2A the axis 22c of the rotor 3; 3' of production unit 4 is pillowed to 
revolve in base 5 which in tum is attached to the bottom P. Rotor wings 2 are 
attached to the horizontal axis. Each rotor wing 2^- 2^ has an arm 22, which has a 
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two-part blade 22b winding around the arm 22 at the outmost end as seen from the 
vertical axis 22c. The parts of each two-part blade are hinged to the same side of 
the arm 22 of the wing 2. The wings 2 of the rotor 3; 3' rotate with the current of 
the water flow despite the direction of the current; negative pressure forms on the 
5 flow side of the two-part blade 22 which causes for flie rotor to tum. This 
application of the rotor is well suited in relatively shallow water. 

In figure 2B is in tum presented the rotor 3; 3" of a horizontal axis production unit 
4 which is installed on sea bottom. There are several winding wings 2 which spiral 
around the horizontally installed rotating axis, of v^hich winding wings 2' and 2" 
10 are shown in the figure. The rotating axis and the winding wings 2 are fastened to 
the end flanges 21; 21* and 21; 21" from their ends, which end flanges in tum are 
fastened revolvingly to the basis 5. As a modification of this rotor model the rotor 
axis can also be set vertically upright. 

The production units featured in figures 2 A and 2B are generally used for the 
15 production of energy; the energy of the rotating motion of the rotor is either 
converted with a generator connected to the rotor or the motion is mechanically 
transported to a generator on the surface. Preferably rotors are connected with 
wiring so that there are several in a parallel or series arrangement and they are 
used for energy production for instance in the way presented in figure 4. 

20 In figure 4 is illustrated a production installation 1 of water or gas which is 
situated totally imder the water surface of the water basin at the bottom P of the 
water basin in intermediate water (compare figure 3). The production units of 
energy and/or liquid or gas in the production installation 1 are placed in the depth 
H-h. The movement of water mass is in the depth H-h where the production 

25 installation units have been installed mainly reciprocating and thus the points in 
the water mass circulate around a given centre. The production installation 1 of 
figure 4 consists of several production units which are connected either in parallel 
or series arrangement. A typical production installation coniprises several 
production units connected in parallel or series arrangement in relation to each 

30 other so that the arrangement can be changed in accordance with possibilities 
offered by prevailing circunistances. 

The production units 4 of a production installation 1 in figure 4 transform wave 
energy into kinetic energy and pressure of liquid (water) in a wave energy utilizing 
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production installation 1. The production units 4 are e.g. similar to those in figures 
1 A or IC so that they have a wave plate 2 which, due to the movement of the 
water mass, rotates around its ball joint in a reciprocating movement and the 
kinetic energy of the wave plate is transfomied into kinetic energy and pressure of 
5 the liquid by means of a torsion pump (or piston pump). The liquid is transmitted 
from the production unit first to an outlet piping 2c in each production unit and 
from the outlet piping either directly to a general main piping 200 (parallel 
arrangement) from where the liquid is transported either to the point of application 
or first to the transfer line 20 of liquid, where outlet piping of several production 

10 units are connected, and from tlie transfer line to a general main piping 200 (series 
arrangement) which is bigger in diameter. The diameter of the liquid transfer line 
20 is mostly roughly the same as the diameter of outlet piping 2c of the production 
unit whereby it can be used to increase the level of pressure in the liquid. Instead 
of the torsion pump also other types of pumps can be used for converting the 

15 kinetic energy of the reciprocating movement of water mass to kinetic energy and 
pressure of the liquid. 

The pressurized liquid is transferred from the outlet piping 2c of each production 
unit in parallel arrangement directly to a general main piping 200 from where it 
flows to the point of application. The point of application can also be a generator 

20 producing electric energy. As the production units are in parallel arrangement and 
liquid is pumped, the amount of pumped liquid is increased while the pressure 
remains constant. Parallel arrangement is suitable when the pressure level of the 
outflowing liquid in the main piping 200 carmot be increased due to 
circumstances, equipment or materials and high pressure is not needed. When the 

25 production units are in series arrangement, the outlet pipes of two or more 
production units are first connected in series to form the same liquid transfer line 
20 and from the liquid transfer line the liquid is transferred into the main pipe 200. 
The series arrangement offers the possibili^ to increase the pressure level of 
liquid in the main piping when liquid is pumped. In series arrangement the 

30 pressure level of liquid/gas is increased while the amount of pumped liquid is 
constant Due to hig;h level of pressure the dissipation in connection with the 
amount of flow is diminished. Higher pressure is often easier to utilize. 

The pumped liquid or gas from the production installation is led through main pipe 
(or pipes) to a turbine building where the liquid or gas spins the generator with the 
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help of the tiurbine. The liquid or gas can also drive other work machines or the 
output or pressure produced by the liquid or gas can be utilized in some other way. 

The production installation 1 can be placed on one or several bases 50 built of 
acid-proof steel comprising a grid where each grid square has ready-made instant 
5 locking device and piping (wiring) for each production unit. In figure 4 the piping 
of the production installation is integrated with the grid-form base 50 which is 
equipped with liquid main piping 200 and liquid transfer lines 20 together with 
outlet pipes 2c coming firom individual production imits to join the main piping. 
The basic construction of the base 50 of the production installation can be of 

10 concrete of some other building material which endures the conditions of the water 
area in question. One production installation can also have several separate bases. 
The founding of a base for a production unit on the bottom of a water area is made 
in the following way. Firstly, by looking for the most suitable place for the 
production equipment on the bottom of the water basin in intermediate water area. 

15 Founding work needs to be done for the base according to the profile of the 
bottom and the material to be used. The easiest altemative is to build a production 
installation on an even rock bottom which has a suitable angle of declivity. If the 
bottom is of sand or some other soft material and has a strongly altemating form, it 
may cause additional construction requirements to secure the base/bases of the 

20 production installation. The production installation comprises several units for the 
recovery of wave energy (production units), which are attached to the base/bases 
50 of the production installation. The production units are preferably separately 
removable firom the base/bases for maintenance and repair. 

To a rock bottom the production installation bases are attached by bottom mooring 
25 festened to the bed rock. In case of a soft bottom material, piles are driven to the 
bottom for the base. In water basin bottoms which comprise several different^es 
of ground material, adequate constructional work has to be done to fasten the 
bases. 

Above we have presented only some applications of production installations 
30 corresponding to the invention and for a technically informed reader it goes 
without jsaying that the invention can be realized in many altemative ways 
following the main idea of the invention presented in the claim. 
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Thus the production unit can be attached in the above described way either 
indirectly to the bottom by means of a base or similar foundation which, in turn, is 
attached to the bottom by means of suitable mooring (pis compare figure 4 e.g.) or 
it can also be attached directly to the water basin bottom with fastening lugs or 
5 similar. The torision pump can also be replaced with e.g. the common piston pump 
used in hydraulics, where the reciprocating movement of the water mass is 
transferred through the action of a piston into the intermediate substance inside the 
piston pump cylinder. 

A generator can also be connected directly to one or iseveral production units 
10 whereby electric energy can be transferred from the production field via electric 
wires. 

When using liquid or gas to run a turbine, preferred lype of electricity can be 
produced for direct use or for delivery to the network. 

The production installation can also be used directly to generate either direct or 
15 alternating current electricity. The utilization of electricity or further delivery to 
electrical network demands some processing. IXie to the cyclic action of a wave 
energy unit, the electricity generated is more or less pulsing and diflRise in form 
also when used for direct currbnt electricity. The evenness of electricity generation 
can be improved with e.g. a balancing wheel which is run by a jprodiictioii unit (or 
20 units). When processing the alternating current electricity for direct use or for 
delivery to the network, the altemating current mode is changed into direct current 
and after this it is again changed into altemating current for further delivery into 
the network. When processing the direct current electricity for direct use or for 
delivery to the network, the direct current electricity is first tidied up through 
25 direct current method and then it is changed into altemating current for delivery 
into the network. In small scale use electricity can be stored in accumulators for 
local use whereby the altemating current electricity is changed into direct current 
and the direct current is tidied up and adjusted for the accumulators. 
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Claims 

1. A production installation (1) for utilizing wave energy in which production 
installation there are two or more production units (4) and the water mass (V) of 
the water basin is adapted to actuate production units (4) or their parts located at 
5 the bottom (P) of the water basin or in close vicinity, and the production units (4) 
can be used to transforin the kinetic energy of the water mass into some other 
form of energy like electric energy and/or kinetic energy and/or pressure of the 
intermediate agent, 

characterized in that 

10 - the production units (4) are attached directly or indirectly to the bottom of the 
water basin at intermediate water region (B), 

- the production units (4) are totally submerged under water surface, 

- the transfer equipment of the energy of the production units (4) or of the 
intermediate substance is connected in series or parallel in relation to each 

15 other. 

2. A production installation (1) as defined in claim U cliaractcrized in that the 
production installation is attached by means of one or more bases (50) to water 
basin bottom (P). 

3: A production installation (1) as defined in claim 2, characterized in that 
20 some part or all the transfer equipment (2c, 20, 200) of the energy or intermediate 
substance of the production installation (1) are immovably attached to the bases 
(50). 

4. A production installation (1) as defined in claims 2-3, characterized in that 
the bases (50) have the fastening equipment (68) ready for the production units 

25 (4) to be attached to them. 

5. A production installation (1) as defined in any of the preceding claims, 
characterized in fliat the energy from the reciprocating movement of a plate-like 
body (2) or its part in the production units (4) of a production installation (1) can 
be transformed into kinetic energy and/or pressure of the intermediate substance 

30 by means of a piston or torsion pump (6) functionally connected to the plate. 
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6. A production installation (1) as defined in claim S, characterized in that the 
liquid or gasiform intermediate substance can be pumped pressurized by a piston 
or torsion pump (6) to above the water surfece or to some otiber part of tiie water 
basin, where it can be used e.g. for the production of compressed air, or of gases, 

5 for creating boost pressure, for ornamental water fountains, for impregnation of 
wood, for aeration of water pools or for separating gasiform substances or it can 
be used for producing streiEims of the intermediate liquid substance needed e.g. in 
the cultivation of sea creatures and water plants or for the ventilation and/or 
heating and/or cooling of housing or used as such e.g. in irrigation systems, water 
10 glides or fire fighting systems. 

7. A produption installation (1) as defined in claims 1 - 4, characterized in that 
the production units (4) can be used to transform the kinetic energy of the water 
mass into electric energy and the electric energy can be transferred via wires or 
cables into the point of application. 

15 8. A production installation (1) as defined in claim 7, characterized in that the 
point of application for the electric energy is an electric line above the water basin 
surface with which the electric energy can be transferred to some other point of 
application. 

9- A production installation (I) as defined in any of the preceding claims, 
20 characterized in that the production units (4) are attached to the bottom (P) of the 
water basin so as to be totally located at a depth where the movement of the water 
niass is substantially reciprocating or elliptic. 

10. A production installation (1) as defined in any of the preceding claims, 
characterized in that the production units (4) are attached to the bottom (P) of the 
25 water basin to a depth deeper than the wave breaking line, roughly in an area 
where the ratio of the depth of the water basin H to the wa!velength L is in the 
range fi^om 1/20-1/2. 
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Abstract 

A production installation (1) for utilizing wave energy in which production 
installation there are two or more production units (4) and the water mass (V) of 
the water basin is adapted to actuate production units (4) or their parts located at 
the bottom (P) of the water basin or in close vicinity, and the production units (4) 
can be used to transform the kinetic energy of the water mass into some other 
form of energy like electric energy and/or kinetic energy and/or pressure of the 
intermediate agent. The production units (4) are attached directly or indirectly to 
the bottom of the water basin at intermediate water region (B). The production 
units (4) are totally submerged under water surface. The transfer equipment of 
the energy of the production units (4) or of the intermediate substance is 
connected in series or parallel in relation to each other. 
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